To assess the efficacy of an adjustable inspiratory occlusion valve in experimental bronchopleural fistula during mechanical ventilation.
Introduction
A bronchopleural fistula (BPF) is a condition that has high mortality rate especially when associated with invasive mechanical ventilation (MV). It manifests initially by pneumothorax and, after the installation of adequate chest tube drainage, by air leakage from the airway to the outside 1 . The diagnosis of BPF is established when air leak through the chest tube persists for at least 24 hours 2, 3 .
The etiology of BPF is multifactorial and may result from pneumonia, radiotherapy, chemotherapy, tumors, tuberculosis, pulmonary resection surgery, chest trauma, ARDS and, in Intensive Care Units (ICUs), it is often associated with barotrauma and MV 4, 5 . Whatever the cause, BPF is difficult to treat, considering that the patients receive positive pressure, which tends to hinder closure of the fistula. Significant air leakage results in high morbidity and the mortality rate of 18% to 50% 4, 6 .
Patients with BPF may significantly worsen the ventilation/ perfusion balance and arterial blood gases. BPF causes well described changes such as leakage of gases, reduction of the airway pressure, The statistical analysis was carried out comparing only treatments 0 to 4 using analysis of variance, considering each pig as an experimental block. Fixed the significance level at 5%, if the p-value is significant, then at least one pair of treatments has statistical different means. To check if there is difference between two treatments, a Tukey's honest difference test was performed.
Results
The results of changes in ventilation and hemodynamic recorded in pre-fistula (baseline) and after the creation of the BPF (treatments 0, 1, 2, 3 and 4) and the p-value correspondent to the ANOVA for comparison of the treatments 0 to 4 are arranged in Table 1 . p=0.0836 and p=0.0992; Table 1 ).
Mean arterial pressure: There is no significant difference between treatments 0 to 4 (ANOVA p=0.3038; Table 1 ).
Cardiac output: There is a significant increase from (Table 1 ).
Several studies have described strategies to control BPF output during MV. However, these studies are mostly case reports and reviews, which failed to present an adequate solution to complications such as pneumothorax, hemodynamic instability, persistent air leak and severe hypoxemia. Published studies describe various forms of treatment, such as pressurization methods 8, 9 ventilatory strategies and surgical techniques such as stent placement in the bronchial tree to try to stop the leak [10] [11] [12] .
This demonstrates the heterogeneous nature of the problem and partially explains the non-standardization of therapy in BPF.
According to the majority of authors, the ideal treatment of BPF should not include the use of positive pressure 1, 8 . However, this is often necessary, especially in cases of high output BPF 4, 8, 13 .
The increased mortality in patients with BPF under MV is the result of hypoventilation and consequent hypoxia. , cystic fibrosis and noncystic fibrosis bronchiectasis [16] [17] [18] , asthma 19 , pulmonary embolism [20] [21] [22] [23] [24] [25] [26] .
Each step of the experiment was conducted for no more than ten minutes, in order to avoid the hypoxia, hypercapnia and hemodynamic instability that were observed during the pilot study, when this time was extended. Mainly, because we did not increase inspiratory fraction of oxygen. It is believed that those problems were secondary to the high output BPF itself, and not to other methodological factors such as surgical incision or surgical time 27 .
Leite et al.
28
, using an experimental model of lung re-expansion after bronchial occlusion, found an acute lung inflammatory response, which has been shown to be more pronounced in long periods of bronchial occlusion in terms of cytokine inflammatory response. In addition, the magnitude of this inflammatory response also can be detected systemically 28, 29 .
In the present study we did not try, to establish a valve These authors proposed, in order to reduce the output of the FBP, the use of minimal levels of expiratory pressure, short inspiratory time, low tidal volume and low frequency 4 .
Other ventilatory strategies include high frequency MV (HFMV), which improves alveolar ventilation with consequent increase in arterial oxygen saturation, and independent lung ventilation by selective intubation 3, 4 .
Although some publications show clear benefits of HFV, such as better ventilation, lower peak pressure and lower mean airway pressure, this technique is not widely applied and is restricted to specialized centers 31 . Furthermore, there are evidences that gas exchange might not be as satisfactory when the HFV is used in pulmonary diseases that concur with low pulmonary In patients with significant comorbidities or poor response to conservative treatment, non-surgical interventions to decrease the leak may provide temporary treatment, while the patient is stabilized for surgery 3, 4 .
Given the difficulties presented by the lack of standardized therapy to treat patients with BPF under MV and it's high mortality in the ICU, this study recommends a strategy that might be used in the presence of acute respiratory disorders arising from the fistula, to avoid additional complications while awaiting for better clinical conditions, that would permit surgical closure of fistula. Maung and Kaplan 32 reported that patients with injuries such as BPF, require mechanical ventilation to control not only the primary respiratory failure, but also as a complement to manage other conditions.
According to Shekar et al. 4 , the success of therapy in cases of BPF will require strategies tailored to the individual patient needs. 
Conclusion
The occlusion valve decreased the bronchopulmonary fistula output, improved alveolar volume, without compromising the hemodynamic status when compared with conventional treatment (simple water-seal drainage).
